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Abstract
BACKGROUND—The purpose of this study was to evaluate the relationship between
adolescents’ adherence to the 5-2-1-0 goals and the number of completed Progressive
Cardiovascular Endurance Run (PACER) laps.
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METHODS—Participants included 1792 students aged 10 to 16 years who were randomly
selected across 9 data collection periods between 2012 and 2014. The Survey of Physical Activity
and Nutrition was used to measure time spent in physical activity and sedentary behavior, and
dietary intake and the dependent variable was the number of PACER laps achieved. The KruskalWallis test and pairwise post hoc comparisons were conducted.
RESULTS—Only 0.95% (N = 17) participants met all 4 goals outlined within the 5-2-1-0
guidelines. Whereas 10.04% met 3 (N = 180), 41.63% met 2 (N = 746), 34.99% met 1 (N = 627),
and 12.39% did not meet any goals (N = 222). Pairwise comparisons indicated there were
significant differences: between groups not meeting any of the 5-2-1-0 goals and other groups
(meeting one goal [p = .000], 2 goals [p = .000], 3 goals [p = .000], and all 4 [p = .008]).
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CONCLUSIONS—The positive relationship between PACER laps and adherence to the 5-2-1-0
goals suggests targeted and sequential behavioral changes may have positive implications on
adolescents’ cardiovascular fitness and body mass index.
Keywords
cardiovascular health; nutrition; physical activity; physical fitness; sedentary behavior
The prevalence of obesity among children and adolescents in the United States has increased
precipitously over the past 30 years and is currently a major public health concern.1 In 2012,
31.8% of youth aged 2 to 19 years were overweight or obese (≥85 percentile for body mass
index [BMI]), and 16.9 % were obese (≥95 percentile for BMI).2 Research indicates that
obese youth are at risk of developing several physical and mental health problems including
type 2 diabetes, cardiovascular diseases, and depression, among others.3

Author Manuscript

Obesity is associated with habitual energy imbalance causing the accumulation of excessive
energy in the body in the form of adipose tissue.4 The causes of such imbalance are
attributed to complex interactions among genetics, environment, and behavioral factors.5
Dietary habits and inactive lifestyles, however, seem to be the primary behaviors influencing
energy imbalance and obesity.6 Data from the 2013 Youth Risk Behavior Surveillance
(YRBS) revealed only 27.1% of participant high school students met the recommended 60
minutes of daily physical activity, while 41.3% played video games or used computers for
non-academic purposes during 3 or more hours per day.7 The report also indicated that
19.4% of students drank a sugary beverage 2 or more times per day across the 7 days prior to
the survey.
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According to previous studies, the causes of obesity are generally related to physical
inactivity, sedentary behavior, and dietary intake.8–10 However, an identified limitation to
obesity-related research is the narrow focus on 1 or 2 health behaviors as opposed to the
relationship or association of multiple variables.11,12 For example, the associations between
BMI and adiposity have been examined in relation to discrete variables such as fruit juice or
sugary beverage consumption,13,14 eating dinner while watching television,15 and physical
inactivity and sedentary behavior.16 In an attempt to bring attention to the impact of lifestyle
decisions on children’s health, numerous government, educational, and public health
organizations have launched integrated marketing campaigns and related initiatives focused
on the risks of and steps to prevent obesity in children and adolescents, such as Let’s Move
Active Schools.
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The 5-2-1-0 Let’s Go! Campaign is a nationally recognized youth obesity prevention
initiative that addresses physical activity, sedentary time, and diet.17 The program was
established in Maine in 2006 and is based on an ecological approach recognizing that health
behaviors are affected by a myriad of individual, social, and environmental variables. Thus,
through a collaborative effort between schools, healthcare practices, and community
organizations, 5-2-1-0 Let’s Go! Aims to address the underlying health behaviors associated
with childhood obesity through the delivery of a simple and consistent message about daily
healthy choices.18 The 5-2-1-0 messages state that children should eat at least 5 servings of
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fruits and vegetables per day, limit recreational screen time to less than 2 hours a day,
engage in 1 hour of daily physical activity, and drink no sugary beverages.18
Annual reports from 5-2-1-0 Let’s Go! initiative indicated the importance of health
messages for students within the state of Maine and across other states over an 8-year
period.19 Interestingly, the 5-2-1-0 message has also been adopted by several other health
promotion practices and organizations across the United States given its simplicity and
potential for change in children’s dietary and sedentary habits.17 Although limited research
has been conducted on the 5-2-1-0 Let’s Go! Program effectiveness, findings from initial
studies show positive outcomes related to increased awareness of healthy habits among
parents, increased prevalence of healthy habits among children, increased fruits and
vegetables consumption, and decreased hours of screen time.18,20,21
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Nevertheless, data continue to show evidence of young people not meeting the 5-2-1-0
recommendations. Rogers and Motyka18 revealed that only 0.4% of US adolescents met all
4 goals represented within 5-2-1-0 recommendations. BMI or skinfold test may be simple
and good measurements to explain students’ health affected by adherence of 5-2-1-0
recommendations due to inexpensive and easy-to-perform method;22 however, it has its
limitations. Researchers have identified that alternative measures, such as waist
circumference and waist-to-height ratio are better predicators of cardiovascular disease risk
in children and youth than BMI.23,24 However, teachers in school environments tend to be
reluctant to collect skinfold measures or even waist circumference because of the
cumbersome and relatively invasive nature of the protocols.25 Therefore, alternative
measures are needed to estimate body composition and it has been suggested that aerobic
fitness test performance, if strongly correlated with anthropometric measures, could serve as
a proxy measure for health status of for youth populations.23 In addition, fewer studies have
depicted the association between multiple health behavior variables and physical fitness
outcomes such as the Progressive Cardiovascular Endurance Run (PACER) test.
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The PACER is a popular aerobic capacity fitness test that is used in school and physical
education settings.26 The PACER test can be used to estimate aerobic capacity and converts
to a measure of maximal oxygen uptake, or VO2 max. As a potential alternative to BMI and
skinfold thickness measures, the PACER test has been identified by various researchers as a
reliable and noninvasive estimate of cardiovascular health and when used within schoolbased settings results from the PACER test have closely correlated with VO2 max and
insulin resistance.27,28 Others, such as Burns et al23 observed statistically significant
correlations between percent body fat, waist-to-height ratio, and cardiorespiratory fitness test
scores in youth, with weak correlations between BMI and cardiorespiratory fitness scores.
Testing protocols, resources, and training materials have been developed for researchers and
practitioners to administer field tests, such as the PACER test.26 Given the reliability, ease of
use, and correlation with health-related outcomes, the PACER test appears to be a suitable
proxy for BMI in youth populations.
Although preliminary data support the impact of 5-2-1-0 Let’s Go! on increased awareness,
studies exploring relationships between adherence of 5-2-1-0 recommendations and health
benefits have not been well documented. Additional study is needed to better understand the
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relationship between youth health behaviors and indicators of health status. Therefore, the
purpose of this study was to examine the relationship between adolescents’ adherence to the
5-2-1-0 goals and the number of completed PACER laps.

METHODS
Participants
This study was conducted as part of a larger school-based health and physical activity
intervention called Greenbrier CHOICES (Children’s Health Opportunities Involving
Coordinated Efforts in Schools), between 2012 and 2014. The setting was 2 Appalachian
middle schools (6th–8th grades) in the second largest county in West Virginia, enrolling
~1200 students. The demographic makeup of the school-aged population in Greenbrier
County was 94.4% Caucasian and 5.6% other races.
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Participants in this study were recruited from the 2 public middle schools in Greenbrier
County, WV. In accordance with the Greenbrier CHOICES Project participant recruitment
and selection protocol, ~30% of eligible participants were randomly selected at 9 data
collection windows between 2012 and 2014 and were 3169 (ages 10 to 16 years old). Of
those selected, passive consent was obtained unless participant or guardian actively opted
out of the study. If a participant opted out of any data collection windows or did not
complete either the provided survey or PACER test, he/she was removed from the eligible
participant list.
Instrumentation
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Progressive Aerobic Cardiovascular Endurance Run—The Progressive Aerobic
Cardiovascular Endurance Run (PACER) test, a 20-m shuttle run, developed by the Cooper
Institute for Aerobics Research was used to measure aerobic capacity.29
The PACER is scored by the number of completed laps. Completed PACER laps are
recorded by an observer on designed scoring sheets. A single score is assigned to
participants based upon the number of PACER laps completed. The score is interpreted
based upon norm-referenced criteria for cardiorespiratory fitness established by the Cooper
Institute for Aerobics Research.29
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Survey of Physical Activity and Nutrition—The Survey of Physical Activity and
Nutrition (SPAN) instrument, a self-report survey, developed by Hoelscher et al was used to
assess school physical activity, sedentary behavior, and dietary intake.30 Table 1 represents
the SPAN items used by the research team to calculate participant adherence to the 4 goals
outlined in the 5-2-1-0 guidelines. According to SPAN survey responses, participants were
given a code based upon the number of 5-2-1-0 goals they met, such as 0, 1, 2, 3, or 4.
Data Collection Procedures
All data were collected in the school gymnasium across 9 designated data collection
windows twice per semester. Grade-specific groups gathered at appointed times to complete
the SPAN survey and PACER test. Research team members managed the onsite data
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collection. Participants were instructed on how to complete the 11 for physical activity,
sedentary behavior, and nutrition questions on the SPAN survey, and research team members
helped clarify participant questions or concerns as needed. After completing the SPAN
survey, the 20-m PACER test protocol and recording requirements was explained. Two
rounds of the PACER test were conducted with students serving as observers/recorders on
the designed recording sheets. School personnel and research team members monitored test
completers and recorders to ensure adherence to protocols.
Data Analysis
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All data analysis was conducted in SPSS v. 21. Descriptive statistics including number of
scores, mean, median, mode, and range were used to describe PACER laps in 5 groups
divided by adherence of 5-2-1-0 guidelines. Shapiro-Wilk test for normality was significant,
which meant violated normality of assumption (p <.05). Therefore, the Kruskal-Wallis test
(the nonparametric equivalent to a one-way ANOVA) was used to assess whether PACER
laps were different for the 5 adherence groups; a test with p <.05 was considered significant.
Adherence to the 5-2-1-0 guidelines grouping variable (eg, number of goals met) was the
independent variable and the number of completed PACER laps was the dependent variable.
Given a significant Kruskal-Wallis test, pairwise post hoc comparisons were conducted
using the Dunn procedure,31 which adjusts each p value for each of the pairwise
comparisons to protect against inflated type I error.

RESULTS
Participant Demographics
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Participants for this study included 1792 students aged 10 to 16 years (6th = 678; 7th = 622;
8th = 492) in 2 public middle school in rural Appalachia. There were 883 (49.27%) girls and
909 (50.73%) boys. The data for this study were collected from September 2012 to April
2014 across 9 collection windows. After data cleaning, the number of valid participants who
completed the SPAN survey and PACER test ranged from 132 to 258 at each collection
window (Table 2).
Adherence to 5-2-1-0 Goals
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Figure 1 reflects participant adherence to the individual 5-2-1-0 goals as reported from the
SPAN survey. Overall, 49.27% (N = 883) of participants consumed 5 or more fruits and
vegetables per day (goal 5); 38.45% (N = 689) spent 2 hours or less of screen time per day
(goal 2); 47.27% (N = 847) spent 1 hour or more in physical activity per day (goal 1); and
17.19% (N = 308) consumed 0 sugary drinks in a day (goal 0). Only 0.95% (N = 17) met all
4 of the 5-2-1-0 goals; 10.04% of the participants met 3 of the goals (N = 180); 41.63% met
2 (N = 746); 34.99% met 1 (N = 627); and 12.39% did not meet any of the goals (N = 222).
Completed PACER Laps by Adherence Group
Results indicated that when participants met more of the goals, they additionally completed
more PACER laps. The group meeting all 4 goals had on average 30.29 PACER laps; those
adhering to 3 goals had on average 26.84 laps; 2 goals had on average 25.48 laps; 1 goal had
on average 23 laps. The participants who did not meet any goals completed on average 16.83
J Sch Health. Author manuscript; available in PMC 2018 October 01.
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PACER laps (Table 3). The Cooper Institute for Aerobics Research recommends that
PACER laps for participants aged 10 to 16 years is a minimum of 17 laps. According to
these data, the only group that did not achieve the minimum number of PACER laps to
achieve aerobic capacity was those who did not meet any 5-2-1-0 goals.
Relationship Between Guideline Adherence and PACER Laps
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There was a significant difference between PACER laps by different adherence of 5-2-1-0
guidelines (chi-square [4, N = 1792] = 57.98, p ≤ .0001). Pairwise comparisons conducted as
post hoc procedures and the result indicated that there were significant differences: between
groups not meeting any 5-2-1-0 goals and other groups (meeting 1 goal [p = .000], 2 goals [p
= .000], 3 goals [p = .000], and all 4 goals [p = .008]). However, there were no significant
differences between groups who met at least 1 or more of the 5-2-1-0 goals. As a result,
those who met at least 1 of the 5-2-1-0 goal achieved higher PACER laps on average than
participants in the group who did not.

DISCUSSION
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Findings from this study suggest that adherence to individual 5-2-1-0 goals vary greatly
among adolescents. For example, nearly half of the participants spent at least 1 hour in
physical activity per day, while one sixth of participants consumed fewer than 1 sugarsweetened beverage per day. According to a nationwide surveillance study conducted by
Iannotti and Wang,32 51.7% of US adolescents reported spending at least 1 hour daily
engaged in physical activity; which is like the results of the current study with 47.3% of
adolescents reporting meeting the daily recommendation of physical activity. However, this
study found only 17.2% of the sampled Appalachian adolescents met the goal of zero sugarsweetened beverages per day, while the previous research has indicated 34.9% of
adolescents met this goal. The variability of sugary-sweetened beverage data between
studies may be attributed to the use of different scales and adherence guidelines. For
instance, the study by Iannotti and Wang permitted 1 sugar-sweetened beverage per day to
meet the goal,32 while the 5-2-1-0 guidelines in the current study did not permit the
consumption of any sugar-sweetened beverages per day, which is stricter than criteria
provided by other studies. Therefore, it is important that commonly used guidelines establish
consistent criteria to be used not only in surveillance research but also in messaging and
healthy living campaigns.

Author Manuscript

The findings also suggest there was a significant difference between PACER laps and the
number of 5-2-1-0 goals met. The positive relationship between PACER laps and adherence
to 5-2-1-0 variables suggest targeted behavioral changes may have related implications on
adolescents’ cardiovascular fitness and BMI. For example, the data indicate that participant
achievement of more PACER laps may be associated with additional health behaviors such
as increased daily consumption of fruits and vegetables, decreased screen time, and reduced
sugar-sweetened beverages, even if the participant does not meet daily recommendation of
physical activity. Further research in this area is needed to explore this positive relationship.
Despite the importance of healthy behaviors, these results suggest that adolescents may not
need to meet all criteria established within 5-2-1-0 guidelines at the same time to experience
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promising health outcomes. Results indicated that only 0.95% of the participants in a rural
Appalachian community met all individual goals, which is comparable to previous findings
whereby only 0.4% of participants in a nationwide study met all of the 5-2-1-0 goals.17
Although additional research is needed to explore further and substantiate 5-2-1-0 adherence
trends within adolescent populations and groups, it is interesting to note that in both studies
less than 1% of participants documented meeting all 4 health behavior goals. This may
provide initial evidence of the challenges adolescents face in prioritizing and modifying
health goals when multiple messages are presented. From the perspective of parents and
school personnel, studies have indicated that targeted health messaging and strategies within
the school day are perceived as valuable and necessary.20 In fact, almost 90% of teachers
surveyed expressed a desire to implement the 5-2-1-0 goals/guidelines in school settings.
Yet, to date, there is little evidence to suggest that adolescents must meet all health goals
simultaneously, therefore, school personnel may consider employing motivational
interviewing techniques to guide adolescents in the process of behavior change through
student-centered goal setting sessions focused on a one 5-2-1-0 criterion at a time, rather
than all areas (eg, nutrition, physical activity, screen time, and sugary drink consumption).33
Motivational interviewing is designed to allow individuals to “think about and verbally
express their own reasons for and against change, how their current health behavior may
conflict with their health goals, and how their current health behavior or health status affects
their ability to achieve their life goals.”33 Providing adolescents with the tools, resources,
and support to achieve health recommendations, specifically within one area at a time, may
result overtime in a greater percentage of adolescents meeting all 4 goals.
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Interestingly, the results indicated that average of PACER laps was not significantly different
between adolescents who met at least 1 or more of the 5-2-1-0 goals. These results suggest
that teachers and administrators in schools could strategically select 1 or 2 goals to focus on
for adolescents’ health promotion, rather than emphasizing all goals at the same time.
Rogers et al revealed that the 5-2-1-0 guidelines are generally implemented in childcare
programs, elementary schools, and afterschool programs by encouraging healthy behaviors.
20 However, the unique contextual factors, sociocultural issues and financial constraints
within school environments can make prioritizing health outcomes a difficult task. In fact,
lack of time to prepare and financial constraints for implementation have been identified as
common barriers when providing school-based health interventions for obesity prevention.
34–36 In addition, limiting screen time in school has been reported as the most difficult goal
to achieve because of the lack of control schools have on students’ time outside of school
hours.20 Therefore, school teachers and administrators need not only consider their
environments (eg, facilities, spaces, budgets, and time) to implement health strategies, but
also communicate with and support parents to help their children in implementing targeted
health goals within home and school settings.
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Limitations
The study has several limitations. The PACER test was run by adolescents in a “volunteerbased” setting which meant their efforts may not have truly reflected their cardiovascular
fitness, and confounding factors (that were not measured) are degree of peer influence, lack
of motivation, and assessment fatigue (data collection windows punctuated every other
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month due to mandated schedule). Therefore, future studies need to include additional
measurements such as 1 mile run or curl-up to support PACER test. In addition, the sample
consisted of middle school students (6th to 8th grades) and heavily Caucasian (~90%).
Therefore, future studies need to include all ages and diverse student populations.
Conclusions
Adherence to the individual 5-2-1-0 goals were associated with PACER laps. Findings
highlight that among the 4 health promotion goals, adolescents should strive to meet at least
one at a time to experience positive health outcomes.

IMPLICATIONS FOR SCHOOL HEALTH
Author Manuscript

Students in rural areas encounter unique challenges such as lack of physical education
classes, sidewalks, exercise facilities, and food availability that may contribute to the
prevalence of obesity.37 These regional features not only affect the individual development
process but also decrease access to healthcare services affecting the quality of life.38 This
study identified a relationship between adherence to individual 5-2-1-0 goals and increased
PACER laps which is a measure of aerobic health. Results suggest adolescents may
experience positive health outcomes simply by meeting one of the 5-2-1-0 goals, yet
potential compounded benefits may be experienced when more than one goal is met.
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Therefore, whereas comprehensive health promotion messages such as 5-2-1-0 may be
easily implemented within the school environment through signage and verbal prompts, it
may be more advantageous for school personnel to select a single health behavior within the
5-2-1-0 guidelines to focus on at a time. School personnel may elect to assess the student
body relative to health behaviors to determine which criteria would be focused on at a given
time. Once established, it may be meaningful to conduct an audit of current environmental
assets and constraints that may be affecting students’ health decisions throughout the school
day. Then if feasible, create environmental prompts (after school programs, school food
change, and vending machine removal), sequentially targeted and tailored health messaging
(first semester: reduce 30 minutes on screen time, second semester: consume 1 more
vegetables/fruits), and interpersonal supports (motivational interviewing activities) that
would encourage positive behavior change and goal achievement/adherence.
Human Subject Approval Statement
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The West Virginia University Institutional Review Board has an acknowledgment of this
approved study on file. In addition, parents provided written consent form for their children
to participate.
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Figure 1.

Number of Students Who Met Individual 5-2-1-0 Goals (N =1792)
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Table 1

Author Manuscript

5-2-1-0 Guidelines’ Individual Goals Assessment Questions Analyzed
5-2-1-0 Goal

SPAN Survey Questions

5—Eating 5 or more servings of fruits and
vegetables daily

1

Yesterday, how many times did you eat any orange vegetables like
carrots, squash, or sweet potatoes?

2

Yesterday, how many times did you eat a salad made with lettuce, or any
green vegetables like spinach, green beans, broccoli, or other greens?

3

Yesterday, how many times did you eat any other vegetables like
peppers, tomatoes, zucchini, asparagus, cabbage, cauliflower, cucumbers,
mushrooms, eggplant, celery or artichokes?

4

Yesterday, how many times did you eat fruit?

5

Yesterday, how many times did you drink 100% fruit juice?

1

On an average school day, how many hours do you watch TV?

2

On an average school day, how many hours do you play video or
computer games or use a computer for something that is not school
work?

1—Including at least 1 or more hours of physical
activity every day

1

During the past 7 days, on how many days were you physically active for
a total of at least 60 minutes per day?

0—Skipping sugar-sweetened beverages

1

Yesterday, how many times did you drink any punch, Kool-Aid, sports
drinks, or other fruit-flavored drinks?

2

Yesterday, how many times did you drink any regular sodas or soft
drinks?

3

Yesterday, how many times did you drink any diet sodas or soft drinks?

2—Limiting screen time to no more than 2 hours a
day
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Author Manuscript
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Table 2

Author Manuscript

Participants Demographic Characteristics (N =1792)
Variable
Sex

Grade

School

Data collection windows

Author Manuscript

Total

Percentage

Girls

883

49.3

Boys

909

50.7

6

678

37.8

7

622

34.7

8

492

27.5

Eastern Middle School

1334

74.4

Western Middle School

458

25.6

September 2012

134

7.5

October 2012

132

7.4

February 2013

162

9

March 2013

219

12.2

April 2013

178

9.9

September 2013

258

14.4

November 2013

237

13.2

March 2014

251

14

April 2014

221

12.3

Author Manuscript
Author Manuscript
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Author Manuscript
746
180
17

Two goals

Three goals

All four goals
23.86

30.29

26.84

25.48

23.4

16.83

Mean

19

26

21

20

18

14

Median

Multiple modes exist. The smallest value is shown.

*

627

One goal

1792

222

Zero goals

Group

Total

N

Variable

18.61

1*
17.51

19.2

12*

15

18

17.08

16

13.06

10*

SD

10

Mode

PACER Laps

96

68

87

96

93

69

Range

Author Manuscript

PACER Laps of Groups Formed by Adherence of 5-2-1-0 Guidelines

Author Manuscript
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